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DECREASING THE M VALUE OF THE VALVES TO REDUCE 
THE AIR DYNANIC NOISE IN THE cm1PRESSOR 
Qian Xinghua, Engineer, Xian Compressor Works, Xian,Shaanxi, The People's Republic of China 
ABSTRACT 
Based on the low of the eighth power of 
speed of M.J. Lighthill this article has 
derived the calculating formula for the air 
dynamic noise power in the compressor, and 
analysed the factors to affect the noise, 
also indicated that the dynamic noise in 
the compressor mainly comes from the valve 
jet noise; the principle to reduce the 
dynamic noise is to get a small Reynolds 
number Re; the emphasis to reduce the noise 
is on the jet turbulent flow noise; the 
efficient way to reduce the noise is to de-
crease the valve Nach number. 
INTRODUCTION 
The noise from the jet noise is named air 
dyna~ic noise, which is the main source of 
the noise in the compressor, To prevent 
noise polution, it is necessary to control 
it. This problem is an important subject 
to research, and some accomplishment on 
mufflers and acoustical enclosures have 
been reached. This article provides a 
method to reduce the air dynamic noise in 
the compressor by decreasing the valve Jl1ach 
number. It also says that the basic way to 
reduce the noise is to reduce the noise 
power in the noise source. The muffler 
and acoustical enclosure are only the as-
sistant way. 
From acoustics, turbulent flow comes from 
throttling inherrently, and the flow pas-
sage consists of a few serial throttlings. 
So there comes the air dynamic noise at 
the throttlings. How to reduce the air 
dynimic noise in the compressor from its 
root? The article says that the principle 
to reduce the air dynamic noise is to get 
a small Reynolds number Re and the empha-
sis is on the valve jet turbulent noise; 
The efficient way to reduce the noise is 
to decrease the valve Mach number. 
THE PRINCIPLE OF A SJ.JALI, Re 
The source of air dynamic noise is at tur-
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bulent flow which is analysed by the 
formula vd~ 
R~=-;;-
It becomes turbulent flow when Re>5000, 
the greater the Re is, the more violent 
the turbulent flow is. Generally Re is 
greater than 5000 at any throttling in the 
compressor. So more air dynamic noise 
would be produced at throttlings. It can 
be seen that the essential way to reduce 
the air dynamic noise is to decrease the 
Re as small as possible at any throttling. 
THE CALCULATING FOR THROTTLING JET 
TURBULENT FLOW NOISE PGWER 
The throttling jet turbulent flow noise is 
main noise source in the compressor. To 
study it and research a way to reduce noise 
is a very important subject. z. Carriere(1) 1 J. J. Coop12)and others had done great deal 
of research work until 1940's. After the 
appearance of the jet aircraft, some excel-
lent accomplishment were reached.The known 
low of the eighth power of speed was deri-
ved by I•l. J. Lighthill in the early 1950 's(3)(4J. 
This low laid the foundation for further 
reseach on the subject of jet turbulent 
flow noise. This law is only applied to 
subsonic and the flow speed at any thrott-
ling in the compressor is just in the sub-
sonic. So we may use this law to attack 
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The throttling jet is an isentropic pr,,cess, 
So 
·K -p e = constant 
Differentiate this and (2) 
From those two 
rlP d. e 
P K-e-
.Ei _d_P_ _ d T 
e P T 
dT = K-1 d.P 
T K P 
For the throttling in the compressor, the 
relative pressure loss is very small, so, 
the relative tempreture drop is very s·:,all, 
too. To simplify the question the pre0sure 
and temprature befor and after throttling 
are thought unchanged, L e. Pg = P, 
To = T So from equations (2) (3) it i.s 
also thought that the denci ty and sounc: 
speed are unchanged, i.e. E'. = e c.= C. 
Substitute the two and (4) to (1) and con-
cider 
V = M C (6) 
The following formula can be drawn 
2 7 
W = n K g P u D M (7) 
From (7), the factors to affect the thrott-
ling jet turbulent noise in the compressor 
may be found out: 
1. The noise power W is directly propotional 
to the seveth power of the Mach number 
2. The noise power VI is directly propotional 
to K. So with the same noise level for a 
compressor with the medium of small K, 
its r~;ach number may be chosen properly 
greater. 
3. The noise power is directly propotional 
to the second power of D, the cylinder 
bore and to u, the piston speed. Also 
Q = Tr D .. uy4-, therefore the noise power 
is directly propotional to Q, so the 
noise power in a large compressor is 
greater than that of a small one. 
4. The noise power is directly propotional 
to P, jet pressure. So it can be con-
cluded that to compare the noise of 
compressors the identical ambient is ne-
cessary, otherwise there is no comparison 
between the two. Take the air compressor 
as an example. The noise measured in 
plateau would be smaller. From the in-
ternational pressure-height above sea 
level fomula 
P. = 1.033 (1-0.02257H) 5• 256 




Here H is of several kilometers, so 
/J.: = -0.0019 H 
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It car, be seen that the throttling jet noise 
power is inversly propotional to the height 
above sea level. If the height increases 
by 1 : l'i, the noise power will reduce by 
0.1')~{. 
'). Th• noise power is directly propotional 
to jet pressure P, so among the valves 
in the same stage tl1e discharge jet tur-
bu_, ent flow noise is greater than the 
suction . 
6. Among the valves with the same name, the 
jet turbulent flow noise from the high 
nr~ssure stage is greater than that from 
th~ low pressure stage. To explain this 
point by a compound compressor. Tne fol-
lo~cring formula can be drawn from (7) 
o_ ~ Mr 2 1 
w~ nKc:r"P.UD~ ~ = t (D•)(M•) 
'1/11, = n. K a P, u. D M 'P. D, M, 
{} . ' 
From q = 1T D
2 
uJ\.j 4 and the ideal gas is 
supposed, the equation of state is 
PQ 
G "" PT 
therefore 
'f., TT D2 
R T$, 1 
u A./4= r.~ if D2 UA/4 RT.. 2 
The compression ratio for one stage is 
£ = Ps2 
I P., 
Considering M2 = M1 
w. ~. lJ. 
w, =A., 1$, 
generally 
Generally speaking, the volumetric effi-
ciency A.2 at the second stage is less 
than Yl, at the first stage and the suction 
tempreture T52 at the secod stage is greater 
than Ts1 at the first stage. So 
w2 
--w- > 1 
1 
That is the noise from the high stage is 
greater than that from the low stage. 
THE CALCULATING FOR AIR DYNAMIC NOISE POWER 
The air dynamic noise is produced by accu-
mulating each jet noise in the compressor. 
So the noise power equals the sum of all 
jet noise powers. 
Firstly deriving the air dynamic noise 
power of the suction system. A serial 
throttling piping (shown in Fig.1) is used 
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Here ct1 , d2 , ... d1 
denote the diameters 
of all throttlings. 
M
1 I• 2 
• • • M. ' , ~ 
!";ach numbers 
w
1 w2 • • • ·11. ~ ' l 
throt'cling jet noise 
powers. 
D piston diameter 
u piston speed 
Summing them 
w = w1 + w2 + ••• + wi 
(6) (4) considered 
W = n K g p u D 1 6 ( -~ ) 7 ( ...!..._ + ..L. + .. •+_L ) ( 9 ) c rj/4. d'4 d~4 
I ~ < 
_!_ I 
d'+ + d'4- + • • • + d:4 
I ~ • 
Let ( 10) 
Here de represents the equivalent 








From (4) (6) 











and substitute (10) into (9) considering t he two above 
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( 1 2) 
The following conclutions can be drawn: 
1. The equivalent throttling diameter de of 
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the serial throttling system is smaller then any of the real throttling diameter 
di; 
2. If the smallest one dmin is much smaller 
then others. i.e. dmin << ct1 , then 1 t is 
thought de = dmin 
Among the throttlings the throttling dia-
meter dv of the valve is much smaller than the others, that is dv <<. di, so de = dv. Mv is the Mach number of the valve, then the equivalent Mach number would be Ne=Mv. Subsstitue them into (11) 
W=nKgPuD2JvJ~ (13) 
Mvs being the Mach numer of the suction valve and according to (13), air dynamic noise power of the suction system can be expressed blow: 
Ws = n Kg P u n2 Mvs7 
That is the air dynamic noise power of the suction system depends on only the valve jet turbulent flow noise power, the others may be omited. 
For the discharge system, 
Wct = n K g P u n2 ~*d 
So the conclutions above apply to the dis-charge system, too. In that case, the whole air dynamic noise power equals the sum of the jet turbulent flow noise powers of the suction valve and discharge valve, the other throttling noise may be omited: 
;./ 2 7 W '='LWs +IWd"' n K g u 2:. (Pi D~ l'lvi) (14) 
~-1 
compressor the air dynamic 




P8 z_= Pd1, 
Jl'lv"' I>lvs1=l'Jvd1 = JVlvs2 = Mvd2, substitute 
them into the above equation and use equa-tion (8) 
'·I n " D " Jl' 
7 f. :A, 1;'1..( )] ~ = n. g u Ps1 1'" JV~I-t-f.,)+,., Tsr •+£~ ( 1 5) 
For the same Mv and E, , e1. , the air dynamic noise power is directly propotional to Ps1 and to the second power of cylinder bore D1, Additionally it is also affected by the efficiency of inter cooler. When volumetric efficiency of the second stage is amall and the suction tempreture is 
higher, i.e. A.,< A. Ts2 > Ts1 Then .A -r;, I' __,!~>I 
J\.~ 7;, 
that would cause the noise to increase. For an ideal compressor because Ts1=T8 z, 
t, = [, "'fi , therefore the 
equation (15) becomes 
W"' 2n Kg u Ps1 n: f\I,J (1+ Et. ) (16) 
For an ideal multiple (i) compr~ssors, the 
air dynamic noise power can be calculated 
by 
2 7 t 
W = i n K g u P8 , D, Mv ( 1 + £ ) ( 17) 
According to equation (17), it is easy to 
estimate the air dynamic noise power. That 
is the noise power wouldn't be smaller than 
the ideal value which comes from the equa-
tion (17). 
DCREASING THE l'lACH NUJ'i!BER UF THE VALVE 
TO REDUCE TirE AIR DYNA!•,IC NOISE POWER 
Based on the analysis above it can be known 
that the air dynamic noise power is directly 
propotional to the seventh power of valve 
l'•1ach number. So the most efficient way to 
reduce the noise is to decrease the valve 
Mach number. Differentiate(13) or (16), (17) 
dw,. 7 dl'1v 
W 11v 
It can be expressed with the relative 
increment form 
AW,. 7 111'1v (18) 
w 1'1. 
It can be seen that the increment of the 
JVlach number would cause 7 times over that 
of the air dynamic noise power. A decrement 
of the Mach number by 1% would cause decre-
ment by 7%. 
The affect to sound pressure level by the 
valve Jllach number will be studied below. 
given test point the jet noise pressure 
Pis tested individualy, then based on the 
definition of sound pressure the sound 
pressure level can be expressed as 
Lp "" 20 lg ( p/r;; ) ( 19) 
Here P "' _!__) ..Yt.f..£ ( 20) 
r B'iT 
c = 400 rayl (acoustic impedance) 
For a free sound field C3 == 4, half free 
sound fiend, (3 == 2, There are several 
valves in a compressor. Suppose that the 
sound pressures tested at the given points 
are P1, P2, ••• , Pi and the distances from 
the tested points are r1, rz, ••• ,r1, then 
the whole sound pressure level 
Lp "' 10 lg 
'P, ... + p; .. ••• + p,.,_ 
1'.' 
Soubstitute (20) into the above 
/( 
Lo = 10 lg 1...f_ '( ~) 
• Jl.,....'t>' ?- :1. 
Plllo .i=l f< 
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Substitute (13) into the above and consi-
dering that the all ~ach numbers are nearly 
equal 
Lp = 10 lg 
That is the formula calculating the sound 
pressure level in the compressor without 
any noise decay device. Differentiate (21) 
30.4 
30.4 (22) 
It can be seen that the decrement of the 
valve f\;ach number by 1%, the sound pressure 
level would be reduced by 0,34 dB. 
REJ'IJARK 
At present, when designing the valve, com-
pressor designers in all countries follow 
the three points of the regulation: 
1, Small loss of the valve energe; 
2. Valves are used in safety and reliably 
with long life; 
3. The machinability of the valve should 
be easy. 
It is thought in this article that another 
point should be added in, that is, the 
noise power of the valve should be amsll. 
Only the things that satisfy with the four 
points are perfect. 
The principle to reduce the air dynamic 
noise in the compressor is of a small Re. 
The emphasis to reduce the noise should be 
put on reducing the jet turbulent flow 
noise. The efficient way to reduce the 
noise is to decrease valve ~ach number 
When using the sound power level to test 
the compressor noise, the formula calcula-
ting the sound power, recommended by this 
article is useful to asses sound decay de-
vices (mufflers, sound barriers, acoustical 
enclosures and the like.). 
Limited by the conditions the affect to the 
whole compressor by the valve JIJach number 
has not been experimented. However, the 
experiment of the affect to the air dynamic 
noise of single stage suction system by the 
suction valve Nach number has been done,and 
tested three suction valves which have dif-
ferent Mach numbers. The result is in con-
cord with equation (22) My experiments have 
proved that decreasing the valve Mach num-
ber is very efficient to the reduction of 
air dynamic noise. This method has been 
carried out by the author on the compressor 




































Sound velocity befor jet 




Valve equivalent diameter 
Weight rate of flow 
Gravity accelaration 
Height above sea level (KM) 
Adiabatic index (ratio of specific heat cp 
Cv ) 
Sound pressure level 
Mach number 
Equivalent throttling I'1ach number 
Valve Nach number 
Discharge valve Flach number 
Suction valve JVJach number 







Discharge of meansuring noise 
Temperature before jet 





Equivalent throttling velocity 
Whole pressure ratio 
Pressure ratio 
Volumetric efficiency 
Coefficient of viscosity 
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